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INTRODUCTION 
Mortality rates for all ages has steadily declined 
in the last fifty years;· in the United States, the 
total rate per 1,000 estimated population fell from 
17.6 in 1900 to 10.0 in 1947. With this decrease in 
the number of deaths has come a shift in the relative 
frequency of the many various causes of death; tuber-
culosis, which placed firs.t in 1900, has fallen to 
7th in 1947 and promises to go lower. As certain con-
ditions decrease in frequency, others that have 
decreased less propo~tionately assume a greater 
importance. Prematurity, which was not among the 
top 10 in 1900, is now 8th and is s~rpassed only by 
heart disease, cancer, apoplexy, nephritis, motor 
accidents, pneumonia, and tuberculosis. The prema-
ture death rate in 194? was 28.8/100,000 estimated 
population (37}. 
By far the most common cause of death in pre-
nature infants is an abnormal functioning of the 
lungs(37). One of the most frequent pathological 
findings at autopsy is the presence of a pulmonary 
hyaline- like membrane in the respiratory tree (9). 
Annually, in this country, it is estimated that 
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between teb to twenty thousand livebo~n premature 
" infants who die 1dthin the first fo~night of life 
have this membranous lining (9). Therefore, it is 
not surprising that vdthin the past decade compre-
hensive. studies of the cause and nature of disease 
in the neonatal period has aroused great interest 
in this hyaline or·rrasphyxialtr -membrane syndrome 
(31). Because of t:1e nevr activity in this problem, 
some recent startling developments have evoked 
widespread discussion ~Dd controversy among patho-
logists, pediatricians, and obstetricianso Parti-
cularly, the suggestion that the same etiologic 
agent not only causes the injury in the lungs but 
also cau·ses the premature birth of the infant so 
injured has served as a great impetus to re-investi-
gate the significance of the pulmonary membrane 
seen in infants dying in the neonatal period (7). 
TEIDUNOLOGY 
"Hyaline membrane11 is only a descriptive 
' designation of a microscopic finding vlhich is seen 
at various ages and for a great variety of reasons. 
The term is used simply to describe the appearance 
of a distinctive coating of the alveolar ducts, 
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atria, ~1d alveoli by an irregular layer of compact, 
homogeneous, eosinophilic material 1mich may be of 
vTic1ely different chemical composition (31). Often 
the phenomenon has been associated vrlth atelectasis, 
but~ has been described without atelect•sis in 
lungs of liveborn infants w'1o died in the first few 
weeks of lifeo 
The hyaline-like membrane in the lungs of infants 
has been reported under a great many titleso More 
than a half century ago, Hoccheim (22), in 1903, 
noticed the existence of a peculiar membrane in the 
lungs of two of 43 autopsies on newborn infants. 
This substance, which stained blue with hematoxylin 
in frozen sections, was called ttmyelin11 after the 
teachino of ilirchow (44), who, in 1854, demonstrated 
the appearance of a substance analogous to the nerve 
medulla in various animal tissue and especially in 
the ~lveoli of diseased lttngs. HoUbeim also believed 
that the myelin was formed from desquamating cells 
of t'1e alveolar epithelium (22). In the more recent 
literature the 1:1ord 11 hyalinet~ derived from the Greek 
-wo!'d meaning 11 glass" or 11 crystalt~ has been usedo 
Hm.rever, agreement on terminology has not been reached 
and many various names have been coined, according 
\ 
to the investigator's explanation as to the etiology 
of the membrane in the neonatal l~~g. Johnson and 
Meyer (23), MacGregor (2?), and Benner (6) associa-
ted the membrane "tAli th "'pneumonia of the nevrborn" or 
"' 
ncongenital aspiration pneumonian. Rosenthal (40), 
~ 
Arey (3~ and Tregillis (40) have called this dis~ase 
u·asphyxial membrane11 vii th Rosenthal (ltD) also classi-
fying it· as 11 des~uamative anaerosisn. }iacMahon, to 
further complicate the matter, considered the pos-
sib~lity that the lesi~ often found with atelectfa-
sis, v.ras a congenital anomaly of the lungs and 
entitled the condition "congenital alveolar dysplasia 11 
(28). nvernix membrane11 vras the name Farber and · 
Sweet (17) suggested as they attributed the lesinn 
to aspirated vernix caseosa. Concurring vlitb this 
title were MacG~~egor ( 27), Benner ( 6), Ahvenaine:rt 
~1), Mt~ler and Hamilton (34), and Dick and Fund (13). 
Some investigators such as, Johnson & Meyer (23), 
Labote (25), Blystad (7), and Mastrander (31), who 
have not committed themselves as to a specific etio-
logic aeent in the pathogenesis of this disease, 
have called the entity "hyaline membranen, while 
Potter (36), and Bruns and Shields (9) use the term 
nbyaline-like membrane". Therefore, a summary of 
4. 
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the terms used to describe the same entity include 
the follo-wing: 
1. Myelin formation in the lungs 
2. Congenital aspiration pneumonia 
3· Asphyxial membrane 
~. Desquamative anaerosis 
5. Cong.enital alveolar dysplasia 
6. Vernix 1-iembrane 
7. Hyaline l\1embrane 
8. Hy,aline-like membrane. 
It is evident that unanimity of nomenclature is 
necessary. Ho·wever, I see little opportuni ~y f'or 
such an occurrence until the etiolo1ic factors have 
been definitely establis1ted and the pathogenesis 
agreed upon. We are far from this state of under-
standing of the disease, but we are closer to kno1ring 
what should be done to bring about accord in the 
thinkin~ of those interested in it. 
REVIEW OF THE LITERATURE 
In revie~rlng the literature, one must separate 
those papers wDich he finds worthwhile from those 
~1hich he considers much less outstanding. This exam-
iner 't·Till try to do this in a subject about ·which 
many reports have been 11ri tten. Previous to 19~6 
these have been quite infrequent, but~since then, 
numerous articles have been publist1ed concerning this 
entity. Approximately 6555 autopsies have been repo±-
ted on fetuses of viable gestation, of which 870 had 
pulmonary hyaline-like ~embranes or 13.2%. This 
percentage becomes higher for neonatal deaths 't•Then 
one realizes that stillbirths are included in these 
autopsies while hyaline-like membrro1es are not seen in 
them. 
The authors of the older papers put forth the 
theory of aspiration of amniotic fluid as the possible 
etiolo~ic~ factor while those in the more recent 
years postulate a congenital defect or epithelial 
injury due to intrauterine anoxia or oxygen poisoning. 
A brief review of the major papers on this subject 
1vill no1•7 be presented. 
In 1925 Johnson and Meyer (23), in a study of 
?00 consecutive autopsies in Sloane Hospital for 
Women in New York City, found pnetunonia in 97 or 
19.4% and, of these, 8 or 2% had hyaline membranes. 
They were diagno~ed as atelect~sis or hypertrophy of 
the t~ymus, 14'~ich was not pathologically found. The 
lesion 1vas exactly like the ones i;9li!"3:!1 Winterni t-,; 
(46) found in the epidemic of influenzal pneumonia 
in 1918. There -vras no fibrin, some fat droplets, 
6. 
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and some epidermal cells, undergoing a transformation 
into ~yaline membrane and adhering to the walls of 
the air passages - all this consistent with their 
explanation of the membrane's derivation from the 
aspiration of epidermal cells and fat of vernix 
caseosa. They also observed the atelectasis accom-
panying the lesion. 
Farber and Sweet in 1931 studied lungs of 12>+ 
infants who died of asphyxia due to aspiration of 
amniotic'sac contents and found in 18 cases cornified 
epithelial cells coated with vernix caseosa with a 
pink color on H and E stains. Frequently the cells 
were embedded in lumps of amorphous pink to red 
staining material, vernix, or vrere pressed into or 
against masses of vernix which surrounded entrapped 
air and outlined the ·walls of an alveolus. They 
called tbe material 11 vernix membrane"" and attributed 
it~ to ingestion of large amounts of amniotR, fluid 
due to intr~~terine asphyxia. They suggested that 
the greate!" and more prolonged t'1e intra.i&terine 
asphyxia, ~rlth aspiration and subsequent interference 
with extra•uterine respiration, tbe larger the size 
and t'1.e greater the number of membranes (17). 
7· 
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In 1935 Rosenthal (40) considered the associa-
tion of pulmonary lesions l'li th intrauterine asphyxia 
and, in 100 autopsies, fo~~d 31 ~dth hyaline membrane. 
Although he did find aspirated amniotic sac contents 
in 50% of all cases, and a considerable amount in 11%,-
he was impressed by the large quru~tity of desquamated 
epithelial cells which not only occluded the bronchioles 
and ducts« but also completely filled and distended 
many alveolar spaces and called the condition "des-
quamative anaerosisu. Benner (6) in 199-0 atte~pted 
to correlate infection in sinuses and middle ear with 
lung infection and stated that the aspiration of infec-
ted sac contents probably was the common mode of 
entry when all three infections occurred simultaneously. 
He concluded that the vernix membrane 1·ms a cause of 
asphyxia and early death of the infant. In 1946, 
Russ (41), in examining 137 births by cesarean section, 
found that, of the 12 who died, 9 (75%) showed a 
blocking of alveoli with a living membrane of lanugo, 
blood, meconium, and amniotic fluid, thus suggesting 
a special p~oblem following this procedure. He pointed 
out the ajvantages of intratracheal catheterization 
as prophylaxis. Russ and Strong (42) examined 1048 
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cases of asphyxia of the newborn and showed that the 
death rate in those infants delivered in cesarean 
section vdthout intratracheal catheterization the 
mortality rate vras 10% ·while those vd th catheteriza-
tion it was only 2%. Clinically, he reported babies 
with hyaline membrane and, pathologically, they showed 
pseudo-membranes; hm:rever, these 'were not adequately 
described, and he concluded that they were due to 
aspiration pneumonia, the basis of vlhich this reviewer 
vias tmable to see. 
In Finland, Ahvenaineb (2) has· \~itten quite 
extensively and conducted many experiments on the 
subject. He tried to substantiate a differential 
betvreen the membrane in prematures and full term 
inf~~ts as one of clegree ~~d the increased ntunber of 
alveolar cells wbich 1·rere detached from the vralls of 
the alveoli·of the premature infants' lungs. His 
evidence \·las quite unconvincing to me. He concluded 
that the membrane resulted from aspirated amniotic 
fluid and had no specific relation to an infle.mmation, 
but vras a consequence of interstitial er::J.physema and 
pneumsthoha.x. 
I 
With a series of papers in 1947 and 1948, Mac• 
Mahon (28) (29) (30) termed a disease ncongenital 
alveolar dysplasiau in which he tried to distinguish 
his entity from that of nfetal atelectasis". He 
thou'}ht it vras a developmental anomaly which involved 
the alveoli, sho·wing thick alveolar vralls vr.i.th a re-
duced number of alveoli. fl}fany of the ducts are 
coated internally by a dense, g-~.:·anular, eosj_nophilic 
fibrinoid exudate, and, "t•f:.ile some of these contain 
fluid, others are overdistended with airu, he des-
cribes. This \vas very commonly associated vr.i.th 
atalectesis. In reviewin~ his articles, one can see 
his photomicrograp"1s and description resembling 
atelectasis vr.i.th hyaline membrane. This, together 
vJith.his very small number of clinical cases, makes 
one feel, as Potter does (1), that he has erroneously 
called this a malformation while it is, in truth, the 
hyaline membrane syndrome; and he has only added to 
an already confused terminology. 
In 179 consecutive autopsies of infants dying 
in the neonatal period, Dick and Pond in 1949 found 
7 (11.6%) cases of pulmonary hyaline membrane. They 
concurred 1>J:i.. th the previous authors that the disease 
10. 
might possible result from the aspiration of amniotic 
contents associated 1dth intrauterine &~oxia or hypoxia 
a..nd, perhaps, 1-r.ith congenital pneumonia. But it 1•Tas 
Miller (35) and his co-workers who tried, in a series 
of papers from 1949 - 1951, to prove as unlikely the 
aspiration theory of hyaline membrane formation. They 
described in vagotomized rabbits t'1.e production of a 
membrane \·Jhich resembled the histochemical findings 
of the membranes of human infants (33). Suggesting 
that the lQngs of fetuses were susceptible to some 
type of injury at a certain stage of development they 
postulated that the a1ent which causes pulmonary injury 
also precipitates labor and birth. This hypothes~s 
gave rise to a reinvestigation bf the vrhole problem. 
In 1951, in an extensive study of 509 consecutive 
necropsies made during an eight-year period, Blystad, 
Landing, and Smith showed that t1ese membranes did 
indeed occur most commonly in premature infants (50%) 
and less often in full term infro1.ts (25%) (7). The 
material of the membrane was s'wvr.a to be protein _and 
presumably amniotic fluid protein. They appear to 
cause atelectasis by blocking the mouth of alveoli 
and to be a major cause of death in the neonatal period. 
11. 
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Tregillus (43), on the other hand in 1951, ~ound 
35 cases (14,3%) o~ hyaline-like membrane in 244 
autopsies. He deemphasized the role o~ vernix 
caseosa in the ~ormation o~ this 11 asp'1yxial membranett 
ru1d predicated that the major factors in the ~orma-
tion o~ the membrane were necrosis and hyalinization 
o~ the broncaiolar epithelium due to anoxia and the 
.incomplete development of the lungs, especially in 
the premature. 
Bruns and Shields (9) in 1951 demonstrated 114 
cases of this lesion in 703 in~ant autopsies, and 
correlated the condition vdth the vdde use of concen-
trated oxygen therapy. It is their opinion that the 
alveoli and capillaries of the lung are injured by 
intrauterine anoxia. Intrigued by the experiments 
of Pichotka and Kuhn (24) on oxygen poisoning, they 
achieved the £ormation o~ these membrru1es in 6 out 
of 9 guinea pigs by submitting them to high concen-
trations o~ oxygen, and concurred with Miller's 
suggestion that epithelial damage was the etiologic 
a~ent causing the membrane. 
In March, 1953, Landm1, noticing the higher 
incidence of pulmonary membrane in prematures (35), 
12. 
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and in some studies on cesarean section infants (7) 
suggested that the common factor in these inf~nts is . 
prompt cla~ping and cutting of the umbilical cord so 
that t'1e infant can be taken to warmth and ox-ygen as 
soon as possible. Due tPis early separation of the 
inf~1t from its placental blood supply, one must 
consider whether or not the primary etiologic factor 
can be hematogenic shock as a result of decreased 
blood volume. The accompanying loss of oxygen car-
rying ability may lead to a greater degree of hypo-
xia ·with damage to lung tissue and finally hyaline 
membrane/~~ 
The last outstanding paper written o1! the sub-
ject is by Claireaux (10) in October, 1953. In a 
review of 810 necropsies of stillbirths and neonatal 
deaths 108 cases (12.3%) \·Jere fou .. ncl to show hyaline 
membranes. Claireaux agrees ~dth the amniotic fluid 
. theory of Farber and Sweet and Blystad, but suggests· 
~ that after aspiration the squames deposited in the 
lungi~Fdergo progressive hyalinization, asJ when the 
fluid.~ts absorbed into the pulmonary ·circulation, 
the n·mudn left behind in the form of hyalinized squames 
covers t~1e 1·ralls of the alvealar ducts and leads to 
13. 
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death by suffocation. 
With this review of the literature one should 
gain two impressions: 
1. Hyaline membrane formation is an important 
factor in neonatal death. 
2. Great controversy exists concerning the 
etiology and pathogenesis of this syndrome. 
Before reac!1ing any conclusions, v:re must investi-
gate the relationships of the various elements in 
the disease in order to gain a better understanding 
of it and its many ramifications. 
PULMONARY HYALINE 1\ffiMBRAI\JES 
IN OTHER DISEASES 
Pulmonary hyaline oembrane is not confined to 
newborn infantso Many pathologists have described 
an eosinophilic coatine of the inner surfaces of the 
alveoli, atria, and alveolar ducts in patients dying 
of a variety of diseases. This finding should deter 
obstetricians, pediatricians, and others interested 
in the problems of newborns from thiiL~ing that 
hyaline membrane is ru1 entity specific to their 
field. However, these additional discoveries may 
belp to obtain ne1·1 ideas regarding its etiology and 
pathogenesis. In order to recall the non-specific 
14. 
quality of this phenomenon, this review·er vrlll mention 
just a few of the significant aspects pertaining to 
hyaline membranes in disease in adults or older chil-
dren. 
The influenzal pneumonia pandemic of 1918 brought 
into view the first of the hyaline membranes seen in 
E.fl 
t . ·th~d~ f. ·t a· t t Wi lb h <47} connec lon va e lnl e .lsease s a ~s. o ac · 
descPibed the lesion as a microscopic finding in the 
. 
lungs of soldiers ·who died at Fort Devens where the 
pa11demic began. It vTas also found in the respiratory 
tracts of soldiers v1~1o died from -vrar gas poisoning in 
World War I (31). Wolbach suggested that the hyaline 
membrane was related to the action of air on some of 
the body fluids or exudates. He showed that, although 
the membra11e replaced some alveolar and alveolar duct 
walls, in some other areas the membrane was separated 
from the vralls by desquamated epithelial cells or by 
red cells and leucocytes; therefore, their formation 
-vras not dependent upon necrosis of alveolar i.·ralls but 
was determined by the action of air on exudate. How-
ever, .Winternitz (l;-6), studying the sarae influenzal 
pandemic, attributed the.membrane to hyalinization of 
necrotic material resulting from the action of some 
pol<Jerfu~ agent on the alveolar '\falls o :lffie al.so- men-
tions this in his study on tbe v1ar gases, especially 
mustard gas. 
In 1924-, Brannon and Goodpasture (8), when they 
desn~ibed tt·ro eases in which in~luenzal infection was 
absent but characteristic membranes were ~ound, sug-
gested the possibility that the lesion was, the result 
o~ damage to the capillary bed due to circulatory 
toxin. 
Farber and Wilson (18) in 1932 d~scribed pulmo-
nary hyaline membrane in cases· o~ tuberculous, lobar, 
and bronchopneumonia, poliomyeilitis, acute upper 
respiratory infections, bronchial obstruction, ro1a 
cardiac failure. In more recent years the lesion has 
been ~ound in uremia, Hodgkin's disease, beryllium 
poisoning, irradiation pneumonitis, and as late as· 
19521 Potter (36) has discovered it in rheumatic pneu-
monia• and chicken pox. 
There~ore, it is obvious that vdth such a great 
multitude o~ diseases as have been described with 
pulmonary hyaline membranes, and vrlth etiologic agents· 
as infections, viruses, tumors, chemicals, irritants, 
and radiation, thef\e nay well be more tha.i'l one simple 
1.6. 
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factor in the etiology of the similar syndrome in the 
newborn. Als~one must notice that in those diseases 
other than that in the newbornJvascular lesions~such 
as c·apilla17 and circulatory damage, as well as necro-
sis of epithelicum, are emphasized as the primary 
etiologtc agent. Thus, one should consider that a 
broader concept of the lung disease in the newborn 
m~~ reveal similarities to the wide variety of causes 
of hyaline membranes in adults and older children. 
Let us now consider the clinical and pathologic agents 
of pulmonary hyaline membranes in the human newborn •. 
CLINICAL ASPECTS 
The clinical aspects of pulmonary hyaline membrane 
with atelectasis are quite characteristic. As we 
have saidjit is found more frequently in premature 
liveborn infants, the figures varying from 27% to 
100% in infants weighing 1000 - 25'00 gms. 4:n weight, 
to lower percentage for infants over 25'00 gms. (lO)it~ ,..£1\t. 
(9) (31) (43) (7). There have been many statistical 
studies to substantiate this fact, the best of which 
are those of Miller (35') and Blystad (7) et al. 
Miller, in analyzing 4117 consecutive births in the 
years 1944 - 1948 inclusive, studieJ the hospital 
17. 
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records of all mothers who gave birth to premature 
infants, dead infants t:,'to infants who died in the 
neonatal period. He included in his research the 
hospital records of all infants that weighed less 
than 2500 grams at birth •. The autopsy reports· of 
all babies that died in the neonatal period were 
examined and lung sections re-examined in all cases 
incl~ding stillbirths. He found the follo~dng~ 
(1)' 
(2) 
In 110 liveborn infants weighing 1-2 
kgms, hyaline membrane was found in 
17 or 15$.. If the vreight were 1-1.5' 
kgms., 8 out of 29 or 27% had such 
changes in the lttng. 
The-::. incidence (. 7%)\ 't'Tas less s~gnifi­
cant (P'c<.Dl)*in a group of 1241+ live-
borns of 2-3-'kgms. v7eight;· and among 
2677 who weighed more than 3 kilograms 
the incidence was .03% and the . 
significance less than the incidence 
in the t'\lro previous groups. (P =·< .01). 
*This is a statistical analysis according to t?e 
chi-square method 1dth P determined from Fisher's 
table of chi-squares using-Yates' adjustment for small 
numbers. 
(3): In the autopsies of liveborns wbo 
-vreighed less than 1 kgm. and more 
than 3 kgms., 2 out of 2~ CB%)showed 
hyaline membranes while 26 out of ~7 
C55$) who weighed 1 - 3 kilograms at 
birth revealed this lesion. This is 
quite significant (P.~(bl). 
Blystad._ et al.-j~ (7) to confuse the issue, used 
18. 
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crown-heel length as~ta measure of prematurity vdth 
47 ems. as~:li!IJ dividing line. 1liey discovered in 509 
consecutive autopsies performed on 322 liveborns and 
187 stillbirths-the incidence of hyaline membrane in 
prematures (less than 47 ems. in length) was ~% and 
in full terms 22%, thus re-emphasizing the role of 
prematurity in this syndrome , and its role in keeping 
the mortality rate of prematures at ~ts·high level~ 
Potter (37), in explaining the conditions at Chicago 
Lying-In, show·s a mortality rate of 17% in those 
weighing 1-2.5 kgms., and only a .?2% in those weigh-
ing more than 2.5 kgms. Thus the premature death 
rate is 28 times that of those over the weight limit 
of prematurity. In that hospital infants weighing 
less than 2. 5 kgms. accounted for 5.,7% of the births 
and 7.1% of the deaths of those infants under one 
month. The figure of 5-6% premature births has 
remained the same in Cbicago Lying-In for the 18 years· 
prior to 1949; and, therefore, she suggests the 
ideal solution of this problem is to prevent pre-
maturity. 
~very interesting finding of all investigators·, 
except Miller (35), is the absence of hyaline membrane 
19 .. 
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in stillbirths, (lO} (9) C:3ll (43) (37) (7), thereby 
. 
demonstrating that this phenomena~ is associated with 
extrauterine breathing; and, as 1ve shall see, a mini-
mal duration of respiration is necessary. Miller has 
found membranes in seven cases( of stillbrithsJ but 
they have been.present only in small amounts and 
never have been seen to be plastered against the walls 
of air spaces. Ahvenainen (1) 1 admits that the two 
stillbirths in which he has £ound membranes also 
showed lungs with air, and it was evident that they 
had breathed. Mor.eover, the membranes were located 
only in those air-containing areas. I think it is 
not pTesumptuous to assume that hyaline membrane for-
mation is a disease of the neonatal period. 
What other factors can vre gather from statistical 
analysis about the clinical aspects of th~s syndroMe? 
One of the most controversial points is the correla-
tion of hyaline-membrane in the newborn lung 1v.ith the 
many complications of pregnancy in the mother. Mac 
Gregor (29), Russ & Strong (42), Dick and Fund (13), 
Claireaux (10) and Blystad (7) and his co-workers 
have found that the incidence of pulmonary hyaline" 
membranes was higher in those babies whose mothers 
20. 
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had some complication during pregnancy or labor,. 
while others such as Bruns and Shields (9), 
Marstrander .C31), and Miller (35): v1ere q'!li te unable 
to find such a relationship. In fac~Miller goes 
so far as to say that there is a lmv incidence of 
seriously complicated pregnancies in those infants: 
with membrane formation, and a high incidence in 
those mothel"s whose infants did not shmv such findings, 
However
1
Blystad (7) 1 showed in his review that 
there ·were one o~ more complications of pregnancy, 
labor, or delivery in 88 out of the 93 infants who 
measure 30 ems. or more and, who
1
at autops~ had 
hyaline membranes. He particularly emphasized the 
role of cesarean section in this syndrone, as did 
others, stating that a significantly high percentage 
of these babies, especially full term ones, were 
delivered in this manner. In 43% of his cases vrlth 
membrane formatio~ cesarean sections, fetal distress 
or placenta previa were an accof!lpanying factor while 
they formed only 8% of the complications of those1 
infants of the same size and duration of life who did 
not have hyaline meto.branes at autopsy. A:lso notice-
able was the greater percentage of complication~ 
21 .. 
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capable of producing intrauterine asphyxia but a 
lower incidence of lethal factors known to operate 
only after birth, as congenital heart diseas~ or 
kernicterus. c.laireaux (10)' in 195'3.' stressed the 
fact that one in every ? of the hyaline membrane 
cases vrere delivered" by cesarea..n sec.tion while Potter 
(37) also noticed a high incidence in her studies: •. 
She pointed out that an associated finding in many 
cesar~an deaths has been an increase in suba~~hnoid 
fluid a~d,in infants dead ef progressive respiratory 
distresses after cesarean, 40-60 c.c. or more can be 
obtained. Claireaut also found severe meningeal edema 
in cesar!an deaths (10). But whether cerebral com-
pression may contribute to abnormal pulmonary venti-
lation is still a question to be answered. 
Miller (3?), Bruns and S~~eld (9), Ahvenainen 
Cl); and Ebtter C37) ,,rere unable to find any cr.orrela;~ 
tion of the mqthers age, race, pa-rity se_rology, RH 
factor, analgesia, amnesia, or anesthesia, with 
pulmonary hyaline membrane in their babies, as well 
as duration of labor, time of rupture of membrane, 
maternal administration of sulfonamides and antibio-
ttts, and protein deficiency in the mother's diet. 
22 •. 
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In 2Z of the 28 infants with the membrane, there were 
no ingestions of food to aspirate (35). Pulmonary 
hyaline membrane was often associated v.Ji th pneumonia, 
pneumonites, and pulmonary hemorrhage as suggested in 
the earliest studies. But, recent investigators1 as 
Potter (37Y and Blystad (7)
1 
have de-emphasized this 
concept as they have found none of these lesions in 
many cases of hyaline membrane disease, and vrlth the 
advent of successful antibiotic therapy, danger of 
infection has been reduced considerably while that 
of membrane has not. 
Is there a natural course of the disease and 
how· can it be diagnosed?' It is here that 1.ve have 
the greatest agreement.. Most authors (40) (7) C36) 
have described spontaneous respiration at birth, 
continuing normally for one to tvro hours. After this 
period, progressive cyanosis and dyspnea cause 
labored breathing with t?-e sternum and lovrer ribs· 
retracting 1dth each inspiration and the use of 
accessory muscles evident (36} (10)., 
The cries are weak and grunting respirations 
may be heard. On physical examination the infant 
is in varying stages of vigor (35). Fine rales may 
0 
be heard in the lung bases accompanied by varying 
amounts of local dullness to percussion. There is· 
suppression and exaggeration of breath sot,_'11ds C'J5Y •. 
Death usually comes between 1 hour and 5 days due to 
ClJ exhaustion (2J inability to obtain enough ai:r 
or oxygen to maintain life (36). T.he duration of 
life has been mentioned by many authors as an impor-
tant factor. Ahvenainen (1) reports that not one 
infant ~n1o died with hyaline membrane liuf~ more 
than t'\vel ve days and only one after T days, w~ 50$ 
d"f•tHr ~ in the first 24 hours. Claireaux (10) suggests: 
a range of lt hours to 6f days, with 66% dying in the 
1st 24 hours. Blystad et al •• raises the figures to 
88% dying in the first 48 hours.. Miller, comparing 
those neonatal infants who died vrlth membranes and 
those who didn't have them, says that 22 out of 2.8 
who nad it, died in 48 hours and 17 of these in 24 
hours, v7hile in 30 infants without the membranes, 
only 14 died in 48 hours, and9 in 211- hours (35)., 
Thus, it is obvious that~ if an infant suspected to 
have hyaline membrane disease lives more than 48 
hours, his chances of surviving are good and, if he 
lives more than 5-6 days, they are qu~te excellent. 
2lr-. 
The differential diagnosis might include intra-
ventricular and subdural hemorrhage, primary atelec-
tasis, pneumonia, oesophagotracheal fistula, diaphra• 
gmati~ hernia, and pulmonary hypoplasia (14)~ The 
typical clinical course shows very little in path-
ognomonic symptoms or signs and nothing to distinguish 
it from others menti~ned above especially in the 
instance of central nervous system disease~. However,, 
late in 1953, Donald and Lord (14~ have been able to 
diagnose the pulmonary hyaline membrane lesion by 
x•ray. They contend that three distinct radiological 
patterns are discernible according to the stage of 
development of the hyaline membrane. All may be 
present at the same time or may follow in quick suc-
cession in hours or days. These three included the 
following:; 
.Fine, miliary mottling, more o~ les~ 
uni£ormly distributed within a few 
hours after birth, due to ~iffuse­
alveolar cbll~pse and alveolar conso-
lidation. If the clinical course is 
progressively downhill, this leads to, 
coarse mottling and coalescence, and, 
finally, 
definite lobar or lobular consolidation 
and collapse., 
If the condition improves, the initial mottling 
resolves slowly, andteventually, the lung fields be~-
2tf;. 
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come clear. In some cases {j), ®, and (!) are 
present in the same lung. Once the coarse mottling 
and the beginning of consolidation and c0llapse has 
appeared, the outline of tne bronchial tree and its 
minor divisions can sometimes be seen. This is not 
observed in primary atelectosis where the lungs are 
opaque and only the trach~~ can be outlined. There-
fore, in hyaline membrane disease, collapse seems to 
progress from alveolar to lobar while in primary 
ate~ect~sis and pneumonia the course is from lobar 
to alveolar collapse and. consolidation (14);. It 
must be remembered that in the past the symptom of 
this disease and its natural ttclinical course"~ were 
d~scribed by persons who 
lesion or its importance 
' 
were unaware of the pulmonary 
-rltA1' (31) .,:Ctiiay;be1vr.i th closer 
o~servation in the future, the symptoms and physical 
findings ~r.ill become more clearly defined and diag--
nosis will be made early and accurately~ 
What is· the major cause of death in these infants'2.' 
Is it possible the hyaline membrane is just an inci-
dental finding and that other elements may be -the 
primary lethal agents? There seems to be general 
agreement that death is usually due to the abnormal 
• 
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pulmonary ventilation produced by the atelectasis 
and the pulmonary hyaline membrane, which acts as 
a barrier to proper alveolar capillary oxygen 
exchange (28). Blystad (7) ~tal. reports that in 
68% of the infants with hyaline membrane who di~d 
in the first ? days of life, no other condition 
capabl~ of causing,death was demonstrated. Miller 
(32) found in 16 of the 28 infants who weighed 
1-2.5 kgms. and died in the neonatal period• no 
other definite cause of death could be determined 
other than the hyaline membrane formation. Glaireaux 
(10) even shows a 75% incidence in infants in this 
condition. We may conclude that pulmonary hyaline 
membrane, with-its accompanying atelectasis, is a 
sufficient causative agent in the death of the infant. 
PATHOLOGY AND HISTOCHEMISTRY 
Will the pathology and histochemistry of the 
lungs shed some light upon the etiological factors 
in this syndrome? Grossly the lungs are large (36), 
bulky (10), and look like well-expanded lungs (36). 
They are not yellovr pink as they would if aerateo., 
nor are they the violet of non-expanded fetal lung, 
but they are uniformly dark red-purple (36) due to 
0 
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the intense engorgement of the capillaries ( 37) ., 
The consistency is that of liver (10), and, when 
placed in water, will sink to the bottom (10). 
Sometimes, main bronchi and bronchiolesare filled 
~dth clear fT-othy fluid, aeration being limited to 
the anterior borders of the lobes (43). Microsco-
pically the alveolar capillaries are uniformly 
lly 
engorged (37"~'; the greater part of the -pare!)cl.ji;ma~ 
is collapsed (10) giving a solid appearance to the 
tissue. Alternating with these atelectatic areas 
are a number of structures which look to be QVer-
distended (10). These are mainly alveolar ducts 
and respiratory bronchioles • Under higher po\ver 
and stained with H and E~ an irregular layer of 
homogeneous accidophilic material can be seen lining 
the inner surfaces of tbe alveolar ducts and bron-
chioles that are open. This is the "hyaline membrane". 
If the infant survives more than 48 hours, a leuco-
cytic infiltration (37) may occur and an infectious 
process may be superimposed. Claireaux (10) notices 
that the homogenous nature of the membrane is not 
quite as widespread throughout the sections as once 
thought. In nearly every case there were areas vrl~ere 
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the membrane was less evenly distributed around the 
walls of t~e alveolar ducts or was fragmentary. It 
seemed as if the membrane in these areas were in a 
process of ~ormation and had a more precise structure, 
less homogeneous and cellular. In Rand s~. sections 
these cells were bright red.and even a faint outlin~ 
could sometimes be made out. He identified these 
• 
cells as flat squares· derived from the liquor amnit·. 
Cornified cells, derived from liquor amnif, were 
found in most sections, scattered in the lumen of 
alveo~ar ducts and alveoli, and in the membrane its~lf. 
Miller (34) and his associates discovered that many 
of the bronchioles and alveolar ducts were denuded 
of: epithelium. In numerous instances the denuded 
areas were covered with hyaline membranes but there 
were many bronchioles in which there were denuded 
areas lying between normal epithelium on one sid'e and 
membrane on the other, suggesting a transition between 
the uninjured and membrane-covered parts. Repeated 
and extensive searches failed to show the~hyaline 
membranes overlying intact epithelium of the bron-
chioles and alveolar ducts (34). The extent of the 
membrane formation seemed to be proportioned to the 
amount of epithelium lost. Sometimes associated 
29. 
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factors included congestion of the pulmonary vessels·, 
interstitial edema, protein precipitate~ in the alveoli 
and hemorrhages in the alveoli and bronchi, but some 
membranes were found vrlthout congestion, edema, or 
hemorrhage. Ma~trander concurs in that, although the 
" . 
'hyaline membranes were lining healthy-looking alveoli, 
in some areas, epithelium was definitely destroyed. 
He also found debris, dedma fluid or amniotic fluid, 
in the expanded alveoli (31). 
Tregillus~ in 195lx noticed a series of changes 
in the epithelium of some bronchioles.. The cytoplasm 
was swollen and stained more deeply with eosin while 
the nuclei, also swollen, vrere arranged irregularly 
in contrast to the orderly arrangement in the normal 
epithelial nuclei. In some bronchioles the cell 
membranes were not visible and cytoplasm of neighboring 
cells were fused together to form the eosinophelic 
hyaline material. The chromatin of the nuclei of 
the fused epithelial cells was condensed to form 
Feulgen-positive nuclear remnants which varied in 
size and shape and stained bluish-black with Ha~d Ef •. .r. 
He found masses of fused necrotic cells lying free 
in the lumina of the affected bronchioles, or 
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plugging alveolar ducts or other bronchioles. Some 
bronchioles, in whole or part, were denuded of epi-
thelium and contained eosinophilic hyaline membrane 
in which no nuclear remnants could be seen. Similar 
material was found lining the walls of bronchioles, 
alveolar ducts, and alveoli - the asphyxial membrane. 
qharacteristic resorption or secondary atelectesis 
was seen in most areas. In s0me lungs, parts of 
membrane contained cornified epithilial cells, vernix 
caseosa, red-blood cells, leucoegtes, nuclear rem-
nants and bacteria. However, no solid debris (vernix 
caseosa and cornified epithelial cells)· was seen in 
20 lungs and only large amounts in 4 out of 15 in 
which they were found. Moreover, a hyaline membrane 
was not seen in any lung containing amniotic fluid 
unless there was also evidence of necrosis of bron-
chiol epithelium (43). 
Much work has been done (49) on the histochemical 
aspect o~ the hyaline membrane as, if one knows the 
composition of the membrane, he may postulate the.· 
origin and pathogenesis of the syndrome. This sounds 
very si:Qlple but, in spite of the wide use of many 
special stains, the exact histochemical nature of 
31. 
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the membrane has not yet been ascertained. However, 
there are many points of agreement among severai of 
the investigators. Miller (3?}, Blystad (7), and 
Glaireaux· (LO} have show.n the membrane to the negative 
for iron, collag~n, amyloid elastic tissue, serum 
protein, fibrin, red c-ells, mucus, or bronchiolar 
epithelium. The absence of mucus probably absolves 
meconium of the responsibility as the offending agent •. 
Since Johnson and Meyer (23)·, and Farber and Wilson 
(l8) put forth their n:vernix membrane": concept, much 
. ~ 
attention has been directed toward analyzing the 
fat and cell content of these membranes. We know. 
that there is less vernix cas~Osa in prematures than. 
in full terms, but microscopically the appearance is 
the same. Although a certain amount of fat can 
usually be demonstrated in the hyaline membranes, the 
fat is not a major component since, after passage 
through fat solvents, the membranes retain their 
homogeneous, derse structure., Rarely are sqp.amous: 
cells present to the extent seen in sections_of 
vernix (7). Tregillus (43), :C~aireaux (10), and 
Miller (J4)) formd some membranes which did not show 
fat with the~scharlach red stain, a most sensitive 
I 
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test. Koat of thuo no-nbrarwe vhloh decoonstrated 
Uttlt or na fat occurred 1n pl'eqw.r.s, 1n \ll'lou 
l1yalinq lCIOttbr&tl4 h most likely to bq m;mit'eat lteelt. 
Thorororc, Ule absen,..e or tat rro11 Ule hy.d1ne ~librlltla 
seen 1n P"eqturu no,y ~u.ggut soq other factor 
other t~an vernix ca$0088 oporat1n; to produco this 
dhcrepancy lk'lt~~&en tht'!.D rtnl fUll ter111 t.otants 11'1 
~tom IO&QibrMI.e h lus freque-nt an:t ~ou rtellbranu 
CO!!.Wn D::~rG tat (31t) • 
Tl:e nuubor or squanou• colls ot tbe Almiot1c 
tlu1d r1~os duri~ the po~104 ot ~es~at1on ~ 1s 
l)l"((bably tho t~t!ate~t 1n the last part or preenanoy. 
Tt.ua the l~v h'.llabOf Of ~hUt t;tUI in tr:-, 1"1188 ot 
n~ infants vttb pulMnary h1el1no ncn~brnno doa; 
DO" indicate t·~at. tbore h.<!" oot been l$l&ftit1cant 
•~P1l't~t1on Cit tiM! content~ ~.:1\ht, :as II$ tave seen, 
ISO.t~t ttollbrnnM ~·e p':"eMnt in prolt8tur"e (?) . 'l'h.ts 
reviewer think~ one or the ftOet 1~ortant 1nvest1-
eat1ons 11os 1n the bhtocl'lentpal an.s.lJeh ot tl'.e 
protein of tM tter:fbrane. Dlyst.11.d ot A\. reports 
tb~~ot tne eolor or t\t.e prott!ll'l 1n the l*!llbl'al'l& V1th 
e.e.l"t9.1n stains, v~r. e-end:tent with tNt or the. coLor 
or coneor.t:oatod llllniotle nui~ protg!.Q stainod 
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similarly. Hovrever, more significant tests were tried 
using chemically specific agents •. The reaction~showed 
a weakly positive periodic acid - Schiff test, indica-
ting the presence of a polysaccharid~ and a positive 
reaction for a protein containing tyrosine and some 
arginine. The membranes contain some fatty substances 
and are probably devoid of hyaluronic acid.. D'esoxfri-· 
hosenucleic acid (D.NA), while present in the hyaline 
membrane o£ the pneumoni~ lung of older infants, and 
children, was absent or present in smaller amounts in 
the hyaline membrane o£ nev1born infants·., 'When DNA was 
observed, its concentration was much less than that 
in the nuclei of cells. Although there has been much 
progress, it is not determined definitely whether one 
mieht differentiate the hyaline membrane of newborn 
infants from those observed in pneumonic older infants 
and children: perhaps the Feulgen reaction may help 
in this differentiation. This is important because 
-. 
the presence of DNA in the membrane in pneumonic 
infants and children suggests that the membranes may 
arise, in part at least, from exudate. Ho~eve~ in 
the present study of the newborn infant, no conclu-
,1 
sions can be dravm about the oriPJ~ of these membranes. 
--- />. :\ 
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Ultraviolet absorption histospectroscopy might be of 
value in substantiating the presence or absence of 
DNA in these hyaline membranes, but up to this time, 
it has not been used (39) ., 
We may now realize that much work remains in 
investigating the histochemical nature of pulmonary 
hyaline membran~. Before discussing the probabl~ 
etiology of this dit.sease, 1ve must review the results 
of those who have been doing research and experiments 
in this field. 
EXPERIMENTAL APPROACH 
The experimental research in the reproduction 
of the lesion and its associated factors is almost 
as inadequate as the histochemical studies have been. 
Since one dominant conception in the pathogenesis of 
hyaline membrane in the newborn has been the aspira-
tion of vernix and, more particularly, amniotic fluid, 
to be complete we must ~riefly discuss intrauterine 
breathing and its application to these investigations •. 
A most-interesting and intelligent discussion 
of the topic took place in the symposiD~ on pulmonary 
hyaline membrane in April, 19 52:, in Philadelphia •.. 
0 
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There, such eminent investigators as Dr~~ Potte~, 
Aref, ffmith, Snyder, Eastman,:Miller, Gruenwald, 
Gellis, Barron, and Landing, came to some conclusions 
as a result of their knowledge of the literature and 
previous studies as well as some recent work of thetr 
ow.n •. K short review· or their findings settled as few 
controversial points but brought forth some new ones. 
Ih the meeting D~.~ Snyder showed movies demonstrating 
intrauterine respiratory movements in fetal rabbits. 
These movements could be seen on the abdominal wall 
of the pregnant dbe before any operative palpation 
and seen later arte~ laparotomy. He also showed 
similar motions on the anterior abdominal wall of 
pregnant women near term.. Injection of India ink into 
the amniotic sac of fetal rabbits and section soon 
after resulted in the finding or disc.oloration or the 
lungs by the dye. Therefore, in rabbits, at least, 
Dr. Snyder conc.luded. that intrauterine IUespiration is 
a~normal phenomenon and that the flow of amniotic 
fluid caused by these respirations is a necessary part 
in the normal development of the lung. 
Dr. Edith Potter proceeded to show evidence of 
intrauterine respiratory movements in the human fetus •. 
\. } 
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She injected thorotrast into the am1iotic sac of human 
fetuses approximately 12-24 hours before delivery by 
cesarean section, and proved its presence in the lungs 
and gastro-intestinal tracts of the neonatal infants·. 
However, as this thorotrast was not seen if the injec-
tions were done just prior to delivery, it was suggested 
that a tidal flow of amniotic fluid took place and, 
before roetgenographic visualization could be accom-
p~ished, there must be some concentration of the dye 
by absorption of fluid~ 
The conclusions reached by this a·s±ute board of 
discussers may be summarized with the:~ follovling o.bser-
vations and questions and I quote:: 
"(1) 
(2) 
(3) 
Intrauterine respiratory movements have 
been observed in all animals examined 
up to date. 
The presence of such movements; of the 
respiratory muscles in utero may or may 
not be indicative of intrauterine res-
piration, i.e., a tidal flow or amniotic 
fluid may or may not be produced by such 
movements. 
Deep intrauterine respirations, with 
resultant aspiration of ~~iotic fluid 
far into the-air spaces of the lung may 
be observed in a number of species, but 
that such aspiration of fluid is entirely 
normal is not accepted by all. 
Differences in species, in maternal and 
placental circulation, and in gestationai. 
age must all be considered in ~1y evalua-
tion of intrauterine respiratory movements 
37.. 
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in experimental animals and in the 
human fetus .. 
C5) D'oes fetal anoxia cause a relative 
exce~s of aspiration of the material 
surrounding the fetus in uteritu Clr-5): •. · 
. .., 
Realizing the importance of the idea that aspi-
ration of amniotic fluid and its particulate matter 
may be the basic cause of hyaline membrane formation 
many researchers have used intratracheal injections 
of various types of foreign material in exc~sed human 
lungs and experimental animals. Johnson and' Meyer 
(23) in 1925, injected soap solution, lysol, amniotic 
fluid, and egg albumin into the tracheas of rabbits 
and could produce only one membrane using egg albumin~ 
In 193Z, Farber and Wilson (~9) injected into the 
tracheas of dead and living lungs of rabbits·, cats·, 
puppies, and rats many different substances such as 
India ink, horse serum, dilute hydrochloric. acid ro1d 
a.fibrinopurulent exudate from a human case of empyama~ 
Before applying the agents, he exposed these lungs to 
forceful respiration in a Drinker apparatus.. His 
results were equivocal as1 using the acid, he produced 
a few membranes resembling those of influenza... The 
fibrinopurulent exudate also gave rise to a membrane 
lining the alveolar spaces in one dead and one living 
rabbit. 
38. 
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Dick and Fund (1)} in 1949 tried to duplicate 
membranes in lungs of stillborn fetuses at autopsy 
by administering intratracheally vrarm, centrifuged 
amniotic fluid and alternating positive and negative 
pressure of 10 millimeters of mercury. They were 
able to find only one pseudomembrane, and that not 
in the alveoli but in the respiratory bronchioles~. 
Miller and his associates., in 1947 C'34) and 1949 C5l, 
inje~ting amniotic fluid, vernix caseosa, meconium, 
saline, Ringer's lactate solution, and watar into the 
tracheas of over 100 dqgs and rabbits,were able to 
e~icit a leucocythreaction of po]ymorphonuclear 
type, with congestion and serum protein in the alveoli, 
but were unable to form a membrane. 
Blystad, Landing, and Smith (7), employed 0.-5 
-e~~:~ /IIJ ,c..,. 
cc. to Z c.c. of human amniotic sac contents intra-
" 
tracheally into 120 gram white rats slightly anes-
thetized "With ether. S.ix: rats ·were killed 6 hours 
after the injections, and six rates killed 24 hours 
after injection. There were no hyaline membranes 
seen in sections of any of the lungs• They repeated 
the experiment, this time using 15 to 20 cc. of 
amniotic fluid of full-term infants injected intra-
39. 
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tracheally into excised adult guinea pig and mouse 
I 
lungs while the lungs were alternately expa~ded and 
contracted for one hour by air pressure applied to 
the trachea and then to the vessel containing the 
lungs. A one pound C?O mm. Hg) pressure was used 
and the lungs expanded and contracted twenty times 
a minute. The results were as followst. 
ClY amniotic squamous cells were seen in 
small clusters or in membrane formation \ 
around the vlall s of alveoli. 
(2) Thin hyaline acidophilic membranes were 
seen in some alveoli •. 
Therefore, according to Blystad et al~, two factors· 
are necessary for membrane formation; (1) a sufficient 
amount of fluid, (2) respiration for a sufficient 
length of time. 
Claireaux (10), as late as October, 1953, pro-
duced a membrane in •i1tro and in vivo. He obtained 
40 specimens of human amniotic fluid and centrifuged 
them. There were varying amounts of solid material 
• • , /1'1 soc.tas 
WJ. th an ~ncreasetas pregnancy advanced. S-amples of 
the cent;rifuged deposits vrere suspended in an equal: 
volume of s.aline and incubated at 370 a~ •. for 7-10 
days. After this period the squames lost their 
nuclei, and, whereas stained slightly basophilie 
40 •. 
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before incubation, had now become acidophilic. Some 
of the cells bad coalesced to form hyaline masses 
not unlike those found in lung sections. He then 
took a sample of liquor amnit, centrifuged, suspended 
aliquot parts of,the deposit in an equal volume of 
. 
saline, added chloramphenicol, ~nd incubated for 8 
days at 37° c~. HyO.linization of the squames bad 
occurred. The suspensions vmre centrifufed, and 
the deposit ground to obtain a completely smooth 
suspension. To 0.5 ml. of saline and cblorampherical 
were added 0 •. 5 ml. of the deposit, and injected intra-
tracheally into 6 young albino rats who weighed 175 
gms. each.. One rat received an injection of non-
incubated deposit in a sterile solution. The rats 
were killed at 1, 2, 3, 5, 24, and 29 hours, and the 
control at 24 hours. The results ·v.rere as follovrs:~ 
(1) the rats killed at 3, 24, and 29 hours 
showed a hyaline membrane plugging many 
bronchioles .. , There was collapse of the 
surrounding lung parench)lna, grossly as 
well as microscopically. Some overdis-
tended alveolar ducts were found to be 
lined by acidophilic hyaline membrane •. 
This was exactly comparable to that 
found in the lungs of an infant with 
the disease. 
(2) the rats killed at 1 and 2 hours showed 
moderate plugging and moderate atelec-
tosis. 
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C3)' the rat killed at 5 hours was injected 
unsatisfactorily. 
(~) in the control there were no areas of 
collapse macroscopically, and only a 
few atelectatic areas seen under a 
microscope. Some plugging of bron-
chioles and alveolar ducts can be seen, 
but this picture did not compare to 
that seen in rats killed in 3, 24, and 
29 hours. 
This reviewer has described Dr. Claireaux 1 s expe-· 
riment rather extensively as he is the only investigator 
to date who has produced atelectosis vrlth tia pulmonary 
membrane. His research has yet to be repeated and 
confirmed. However, there is already some criticism 
of his work. Dr. Emery (15) says that the results of 
the experiments with autolyzed amniotic debris are 
not necessarily related to human disease; and, indeed, 
it would be surprising if any amorphous hyaline sub-
_stance injected into the lungs of rats did not show 
a deposit or u::hyalinen· production in one or more of 
... ~ 
the animals thus injected. 
An entirely different approach to the reproduc-
tion of pulmonary hyaline membrane experimentally was 
used by Farber in 1937 and Miller in 1951. Farber (16) 
discovered that bilateral cervical vagotomy in rabbits 
resulted in death in 2~ hours. On examining the· lungs: 
~~. 
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he saw edema, congestion, and, occasionally, hyaline 
membrane •. Miller (331 vagotomized 20 rabbits all o~ 
whom died 3-25 hours later. Of thesell3 had hyaline 
membranes in the alveolar spaces vdth a greater ten~ 
dency in those who survived longer. The staining 
rea9tions were similar to those of the hyaline mem-
branes of the newbornr Since pulmonary edema is a 
't tJC NI'Ji llll. 
major result o~ this operative toasbjug the causative 
agents may be similar to those which produce edema 
in the newborn leading to, according to Miller, hyaline 
membrane. There~ore the new possibilities include 
a collapse of laryngeal structures, trachea or bronchi, 
on inspiration due t~hyperflexibility producing an 
"' obstruction l(b) oral contents draining into the 
trachea and bronchi, and (c) a neurogenic factor, 
particularly since increased intracranial pressure 
may bring about pulmonary edema. 
All these hypothesis are, in. tuis reviewer's 
~ 
opinion, most unsubstantiated and should be looke~ 
p.~o:r o~ 
upon as'an interesting but improbable theory •. 
1\ 
Lastly, something should be s~d of oxygen poi-
soning experiments in this field. The groundwork 
done in this region of investigation was directed by 
Kuhn and Pichotka (24) in 1948.. They looked into the 
morphological changes in the lungs of guinea pigs and 
rabbits follordng high oxygen concentrations (85-95%) 
at reduced, normal, and high atmospheric pressuresr 
They found at reduced pressures (200 millimeters of 
mercury) no clinical or morpholo~ical changes could 
be noticed. At normal and high pressures the animals 
died from lung damage rdth hyaline-like membranes in 
the alveoli, alveolar ducts, and bronchioles. The 
most recent 1&Jork done has been that of Bruns and 
Shields (9). in 1951, in which they subjected 3 adult 
and 9 infant guinea pigs to 98% oxygen at 760 milli-
meters of mercury pressure and in 25% - 50% relative 
humidity. They produced hyaline membrane in 6'of the 
9 guinea pigs. There were 4 intr~Uterine fetuses in 
two adult pigs who died with membrane formation and 
none of these fetuses exhibited the lesion. The 
.negatives were in 3 of the 4 one day old.guinea pigs. 
One very significant factor is that no atelectasis 
bas been found with these membranes. The: only conclu-
sion that can be made from this evidence is that the 
vascular changes are under the influence of oxygen 
44. 
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concentrations. More work must be done to determine 
the effects of oxygen concentration, barometer pres-
sure, and humidity on extracellular and intracellular 
respiration of premature infants to determine what 
role oxygen plays in this respiratory syndrome. 
Therefore, it is clear that experimental methods, 
up to this time, have been moderately successful in 
producing hyaline membranes in various proc.edures;, 
but have been unable to reproduce the i~portant ate-
lectosis, except in the case of Claireaux, whose 1-10rk 
is novJ being q_uestioned.. Much study remains~ in this 
fie'ld of' endeavor., 
ETLOLOGY AND PATHOGENESIS 
With such controversy over the fundamental fac:tors: 
in the puimonary hyaline membrane syndrome, it seems· 
almost impossible to reach agreement in its etiolog~ 
and pathogenesis. However, out of the immense, and 
often inadequate, accumulation of data two basic 
concepts, with minor variations, for the origin:of the 
lesion have been developed. Firstly, the inhalation 
of amniotic fluid with continuous concentration of 
the protein around the respiratory bronchioles, 
I' 
jl 
alveolar ducts and alveoli, wbich 1o¥ extrauterine 
' j 'Breathing~' after i:J:"th )produces obstJ;"uction and leads· 
/ ;) 
to atelectasis. T e second theory! relies on the 
4 
derivation of the pro ~in from the blood'rather than 
the amniotic fluid, sugge gtions for the mechanism of 
I 
which varies from increased~~llary fragility to 
\ 
actual necrosis of the epithelium.. -~et us discuss 
' 
each separately and see what conclusio s can be made, 
-.../'"-----if any, and more important, what is needed to be don"e- ___ ,../ 
to approach a more definite understanding of the prob-
lem. 
It was Farber and Sweet (18) 'tvho found that two 
things were necessary for a membrane regardless of 
whether it was produced in life or,· Q.eath,(Ofluid matter 
causing partial or complete obstruction to the passage 
of air an~~rked dyspnea. He and his workers sugges-
ted that the fluid was vernix caseosa and many studies 
have",been made to _prove o.r disprove their hypothesis·. 
According to most researchers, fat and cornified epi-
thelial cells, major components of vernix, are not 
constan~ findings in these membranes. Also against 
tpis idea is that most membranes are found in prema-
tures, where a decreased amount of both substances is 
46. 
d 
toun<;l. (19) ., Lastly in lungs filled with vernix-, 
these masses differed in shape, size, and staining 
reactions from the eosinophilic hyaline material 
·which formed the bulk of the membrane Cl+3J. There-
fore it is safe to preclude vernix caseosa as the 
offending agent. 
According to Potter (36) the fact that membranes 
are almost never seen in stillborn or infants who 
have lived less than one hour nor more than one week 
seems to induate that the lesion is directly related 
to the stage of development at birth and to the extra-
uterine age~ She compared many lungs.of infants with 
this membrane and suggests that the material which 
eventually forms the obstruction is in suspension at 
the time of birth and precipitates out to produce a 
gradually thickening layer of amorphous debris. This 
layer also contains any desquamated epithelial cells 
that are ·in the alveoli because they can rarely be 
identified individually in the lung. She correlates 
the clinical symptoms vrlth this progressive process 
of condensation and increase in the thickness of the 
layer of material covering the alveolar ducts an~ 
obstructing the alveoli. 
The best presentation of this syndrome,expounding 
tbe aspiration theory is that of Blystad C7) et al •. in; 
J 
1951. They show, as others, a significantly high 
incidence of complications of pregnancy, labor, or 
delivery that are capable of causing a~oxia in infants 
who died with pulmonary hyaline membrane in the neo-
natal period. In many instances, premature delivery 
was the result of these complications. He postulates 
that since there 'is greater incidence of membrane in 
prematures, and prematurity implies significant intra-
uteri~e aboxia, there might be a greater relationship 
between hyaline membrane and intrauterine a~oxia than 
we have suspected. Therefore, it seems quite unneces-
sary to search for a mysterious etiologic agent of 
premature delivery, hyaline membrro1e, or both. 
Many investigators have shown that vigorous intra-
uterine respiratory movements ldth the result of 
aspiration of amniotic sac contents have been causeQ 
by fetal anoxia (45) • Although many workers have not 
produced the membranes experimentally~ because they 
have not(r.;qsed enough fluid and have disreggrded the 
time element involved in the process~ many others have 
I 
duplicated the membrane with a variety of liquids ... 
u.o 
'tiO. 
.· 
0 
~ 
In Blystad's study they did produce the~showed the 
membranes to be similar to those of' newborn infants., 
and indicated that the protein was that of' concentra-
ted amniotic fluid. 
The question of why membranes should be found 
predominantly in prematures is an important aspect of 
the whole problem. Arey (3) has stressed that prema-
tures have increased capillary fragility and, as a 
result, are more apt to have intracranial hemorrhages 
1tith frequent disturbances in the respiratory centers~ 
l'<f919trander C31) suggests that perhaps there is an 
immature or defective early respiratory mechanism, 
vnth poor resorption.of' the amniotic fluid present at 
birth.- The infants usually can "·get by" with a smaller 
~ ~ 
uptake of oxygen for a short period of' time, but often 
this, unresolved fluid acts as a barrier reducing the 
04Ygen available, and hypoxia and pulmonary congestion 
start a vicious cycle, leading to poorer resorption 
and membrane formation. Claireaux (10), in theorizing 
that the membranes form from the byalinizRtion of in-
dividual squames and their clumping together, asserts 
the follo1dnf pathogenesi~Ke suggests that the 
respiratory center of the premature infant is more 
sensitive to changes in O~Jgen tension and that intra-
49 •. 
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uterine respirations occur more easily.. Thus, the 
premature infant mayJin response to anoxia before 
or after delivery, aspirate large amounts of amnio-· 
tic fluid. Absorption is poorer in these premature 
newborns and the squamous cells deposited in the 
air passages are incubated in a medium which encourages 
hyalinization. This hyaline material is dispersed 
around the walls of the air passages in the form of 
a membrane when the infant begins to breathe. There 
is also the possibility that at 28-35 weeks gestation 
the quantity of non-keratinized squamous cells is 
greater than at other times and hence increased hya-
linization. More investigation is necessary to 
substantiate any or part of the preceeding theory. 
Miller (3~), in refuting the aspiration theory, 
says that the failure to identify the hyaline-like 
membrane in the lungs:·of stillborn infants, whose 
likelihood to aspirate as a result of asphyxia was 
greater than that of most of the liveborn premature 
infants whose lungs contained the material, suggested 
that this might not be the correct method of membrane 
formation. He also claimed that in his series there 
was a significance absence of complication of preg-
nancy, labor or delivery and this fact argues against 
J J 50., 
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intr~terine anoxia as a cause of aspiration of 
r j, 
Large amo~ts of amniotic fluid. However, his first 
II 
point is ~isputed by those who remind him that respi-
., 
ration is 11necessary for this syndromej and this is 
' lacking i~ stillborns. Ahvenainen (1) admits that 
\ 
in the t~tsb-called" stillborns in which he had seen 
\ 
., t hyaline membrane, there was also distinct areas of 
,, 
aeration.l1' Potter (36) and others also point out that 
they have, distinct evidence of complications of birth 
as an acc~mpaniment of this disease. 
I 
The ~econd major concept, that of intrinsic 
jl 
origin oft the membrane, has been given recent impetus 
by the wo~k or Arey (3), Miller (35), and Tregillus 
'I 
(43). I~ suggesting that the protein may be derived 
from the !blood rather than from amniotic fluid, ~ onlf. 
author n~\esented as the basis for his argument the 
- II 
CIY prep9nderance of hyaline membrane in the premature 
~ 
infant, ~ the presence of increased capillary fra~-
gility i~ these babies, and 0)· the discovery of 
II 
hyaline ~embranes in older children and adults in 
I, 
I 
whom vasdular damage has been produced in the lLtngs 
by many Jarious means .l~ 
I' 
I( 
Mil+er contends that the membrane may be due to 
II 
t: 
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injuries probably sustained during fetal'life, invor-
ving the epithelium of the terminal air spaces and the 
vascular bed of the lungs. The etiology of this in-
jurious factor is still undefined. The fetus is not 
effected as long as fetal-placental circulation i~ 
undisturbed, but once the infant becomes dependent on 
pulmonary respiration, the effects of the injury make 
themselves m~1ifest if any large part of the lung are 
involved. He further raises the question whether this 
same injurious factor may not have some role in pre-
cipitating the premature delivery of the infant~ 
Tregillus C43J explains his microscopic findings as 
a result of necrosis and hyalinization of the bron-
chiolar epithelium due to anoxia and the incomplete 
development of the lungs, especially in the prematurer 
Mention has been made: of infection (34) as the cause 
of this necrosis but the lack of evidence of an 
inflammatory reaction or of the infecting organism 
in many membranes seems to disprove this (36). Blystad 
C:7) points out the frequency i.d th which the membranes 
overly intact bronchiolar epithelium or are separated 
by squamous cells from the '\.rall of the air passage •. 
0. .fA c. ., II If. 
This seems to be ~,strong E?Jri 6ileae e against the theory 
that the formation results from degeneration of the 
=======r========================~====================~~===== 
epithelium of these passages. Moreover, squamou~· 
cells can often be seen vrlthin the membra~es. They 
think the difficulty of demonstrating the epithelium 
of normal alveolar ducts is partly responsible for 
the necrosis theory of membrane formation., 
The last hypothesis that needs to be mentioned 
is that of Bruns and Shields (9), who did work on 
oxygen poisoning as a possible etiologic agent. 
Noticing that the only therapeutic agent apparently 
used on nearly all premature infants was oxygen, they 
proceeded to experiment ·with guinea pigs and obtained 
hyaline membr~~es vdth Pigh pressures and concen-
trations of the gas, causing anoxit death. They 
concluded that the membranes were not due to aspirated 
amniotic sac contents (using Miller's work as a guide~ 
and postulated that the membrane was due to a reaction 
to pulmonary epithelial injury. ~hey realized the 
need for further clinical and laboratory investigation 
"t' u IG'C61tl'f liVe IVN61'H41( 0-tY6~ AI ;t1HhW.Jr~t-A1'1f.Jifl 
to ?ewborn infants, especially prematures, is safe 
in concentrations above 40-60%·. They w-ondered if 
there was a critical level above which'certain 
pathological lesions in prematures, such as hyaline 
membrane formation, and others, may be initiated or 
53· 
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aggravated •. Rotter (30), however~contends that in 
Chicago Lying-In, they have never used more than 
50% oxygen in their incubators for 18 years)and 
many infants have symptoms before being placed in the 
o~gen rich atmosphere. She dismisses it as an etio-
logic\~ factor. Dr~ Carl Huber (9), commenting on 
Dr. Bruns and Sheild 1 s work, intimates that perhaps 
the effect is a central one rather than peripheral 
and, hence, might effect the respiratory cent~r •. 
Reflex spasm of the bronchioi.e·s might so alter intra-
pulmonary pressures that fluid from the tissues is 
poured into the air passages to produce a hyaline-
like membrane. Additional investi6ation should 
certainly be done in this direction. 
In summary the second concept of membrane forma-
tion implies the follovdng possible pathogenesis; 
increased capillary fragility, vrlth some pulmonary 
congestion and edema at birth, leading to increasing 
hypoxia as a result of inadequate alveolar gas~ 
exchange. Therefore, membranes might consist of 
edema fluid, and the destruction of alveolar epi-
thelium might be due to hemorrhage. These are only 
hypotheses and work remains to prove or disprove them.-
54 •. 
SUMMARY 
The literature on pulmonary hyaline-like membranes associated with 
atelectasis of the newborn is reviewed. Every since Hoccheim, in 1903, 
described this irregular homogeneous acidophilic (eosinophilic) membrane 
lin~\ the alveolar ducts, atria, and alveoli, approximately 6555 autop-
sies have been reported on fetuse of viable gestation, and, of these, 870 
or 13.2% had pulmonary hyaline-like membranes. The yarious etiologic 
factors proposed for these lesionsincl~e the aspiration and mechanical 
dispersion of amniotic fluid, infection, condensation of amniotic fluid 
protein, desquamation, congenital malformation of the lungs, intrauterine 
anoxia, vernix aspiration, oxygen poisoning, hematogenic shock, necrosis 
and hyalinization of bronchiolaar epithelium and, most recently, hyalin-
ization of amniotic fluid squamous cells. 
Mention was made of the many diseases of older childrenand adults 
in which this membrane has been found. ~e main ones include influenza, 
pneumonia, war gas poisoning, and lately, rheumatic disease. The etiology 
indicated by most, in contrast to that ofthe membrane of the newborn, was 
vascular damage especially of the lung capillaries. 
The clinical aspectw of the hyaline membrane syndrome are quite 
characteristic. It appears predominan~ in newborn premature inf~s with 
percentages ranging from 27% to 100% of liveborn prematures. It has never 
really been found in stillbornsJand full term infants have much~ower in-
cidence. There is disagreement about the incidence of serious complicationl 
of pregnancy, labor, or delivery with this entity. However, most authors 
~gree that the disease is more prevalent in mothers delivered by cesarean 
section. Other factors a~e, ~~ a~thas~. s~~lD.g~==lUL__~~~-~~~==~-
' 
e 
-
factor, race, or state of general health of the mother 
seem not to be involved. The clinical course has 
been describedJand the increasing num.ber· 10f pre-
autopsy diagnoses is rising due to better understanding 
·or the characteristic physical signs and symptoms and 
radiographic studies. 
Although the gross and microscopic pathology is 
quite well described, the exact histochemical nature 
of the membrane has not yet been discovered. They are 
only sometimes fat positive, negative for fi'brin, 
cqllagen, iron, amyloid, serum protein, ~ed cells, 
mucus, and positive for a carbohydrate moiety attached 
to a protein. 
The experiments done in this field to reproduce 
the hyaline membranes in animals and excised lungs· 
have been successful using a variety of materials and 
methods. They include intratracheal injection of 
amniotic fluid, and other for~ign materials, bilateral 
cervical vagatomy~~Jgen poisoning, and others. How-
ever, vdth one very recent exception, and this not 
yet con~irmed, the investigators have not produced the 
atelectSSis always associated with the lesion. 
Generally speakingJtwo major concepts of the 1, .. 
~~~~---=*==============-~=-=-=========== 
0 
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etiology and pathogenesis have been proposed. The 
f~rst describes the inhalation of amniotic fluid, in 
utero, into the distal air spaces of the lungs; after 
breathing, with concentration by absorption of water 
in the lnngs, the protein in the alve6mi·, alveolar 
ducts, .and bronchioles becomesplastered against the 
respective walls, causing obstruction and leading to 
atelectasis. The second theory maintains that the 
protein material is derived from the blood rather than 
from the amniotic fluid. Proponents of this latter 
concept maintain thatrperhaps these premature infants 
have some degree of pulmonary congestion and edema due 
to increased capillary fragility, leading to hypoxia~ 
The membrane may be made up of edema fluid and hemor-
. ~ 
rhage may destroy the alveolar epithelium;found by 
some in this lesion. One author suggests the possi-
bility of both factors -v1orking at the same time. 
=-======~=================-===--=-============= 
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crONCLUSIONS~ 
I~ There is much that is not understood about pul-
monary hyaline membrane. 
2.. There is a need for comprehensive investigation 
into many aspects of the syndrome including 
studies of the histochemical nature of the 
material, the role of oxygen, the cause and ef-
fects of intrauterine breathing, experimental. 
3· 
reprod~ction of the complete picture of the 
disease, and many others. 
Treatment, not heretofore mention~d, is totally 
inadequate and in a state of hit or miss. Before 
it can accurately and efficiently applied, the 
causative agents and pathogenesis of the diesease 
must be more definitely ascertained •. 
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l is paper gives the impression of a pa~nstaking pi~ce of {~hough I am not familiar with this literature, it has1 
~ly been extensively reviewed. The organization is good, 
1~ styie of wr~ting and critical approach in evaluating the ~Lous reports are, for the most part, mature. Most of the typo-
rfaphical errors have been corrected. 
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t This is certainly the best of the several papers I read. 
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~,. On page 18, statements concerning statistical signific~e 
'\!te confused. I doubt:the student understands what he is 
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